ReseaRch
PeerRev T he European Working Time Directive and shift work mean that surgical trainees have limited hours in which to develop their skills in the operating theatre.
1,2
The attempt to streamline training into optimally delivered and prescribed systems has resulted in run-through programmes.
Simulation is being used to help counteract the limited time dilemma, providing a system that can be accessed at all hours, requiring a single resource and in some cases being able to provide formative feedback. Its use has no immediate risk to the patient, unlike during intraoperative training, but it has shown improved performance of trainees in the operating theatre.
3-6
Simulator use in cardiothoracic surgery is expanding and studies have highlighted the impact of simulation-based learning on cardiothoracic trainees.
7-9
High-fidelity simulators are being developed to allow formative feedback for the user. This is based on surrogate markers of good surgical technique such as economy of movement, lack of repetition, delicate tissue handling, time taken to perform the procedure and ability to complete the steps of the operation. These systems are not widely available, however, and are not used as part of trainee assessment in cardiothoracic surgery.
Low-fidelity simulation (such as in wet labs) is also used extensively in both UK and US cardiothoracic training programmes.
10
Wet labs make use of in vitro animal tissue and organs for performing common surgical procedures (eg an aortic valve replacement using a prosthetic valve and a pig's heart).
Nevertheless, assessing the surgical trainee remains a problem and with runthrough programmes where the candidates progress automatically to their next stage of training, assessment needs to be applied regularly and meticulously.
11 This is currently carried out by means of the annual review of competence progression (ARCP). This consists of an interview by a panel of usually four consultants, a layperson and a delegate from the training programme. The trainee's online portfolio and logbook are interrogated. Successful transition from one year to another requires completion of a set number of workplace-based assessments (WBAs), a satisfactory 360° behavioural assessment, evidence of research and audit, and demonstration of progression in the trainee's logbook. The trainee's level of surgical skill is deduced from WBAs and the logbook. WBAs are commonplace in medical education, spanning all specialties. They are used in undergraduate as well as postgraduate programmes. For the surgical portfolio, they are an online tool that requires input from both the trainee and the trainer.
There are four types of WBA: the clinical evaluation exercise (CEX), which assesses trainee interaction with patients; the casebased discussion (CBD), which assesses the trainee's knowledge by discussing a subject; the procedure-based assessment (PBA), which assesses surgical acumen when performing a procedure; and the direct observation of procedural skills (DOPS), which assesses the trainee's ability to perform a 'simple' procedure (eg central line insertion) or a part of a more complicated procedure (eg median sternotomy). For the two WBAs that measure surgical skills (PBA and DOPS), the trainee is generally assessed on a scale of 0-4, which defines what level of supervision (if any) was required to carry out a named procedure, with level 1 indicating that the trainee was unable to perform any part of the procedure under supervision, and level 4 indicating that the trainee could perform the procedure independently and was able to deal with any complications. (Level 0 is used when there is insufficient evidence to support a summary judgement.)
A recent survey sent to cardiothoracic trainees in the UK suggests that trainees do not feel WBAs are an effective way of assessing surgical skills.
12 Three-quarters of the trainees (91/121, 75%) responded. More than half of the respondents (57%) thought WBAs were a poor tool to assess operative skills and only a quarter (23%) felt they were a good method. During a further debate at a Society for Cardiothoracic Surgery (SCTS) meeting with 102 delegates, 54% were of the opinion that WBAs were not a good tool to assess surgical competency. Reliance on the logbook to suggest that the trainee is progressing can be dangerous. Until recently, there has been no agreed benchmark in cardiothoracic surgery to define how much of an operation a trainee has to perform in order to be able to record it as an independent case. Furthermore, there are no guidelines to help define what level of supervision (if any) is allowed to be able to record it as an independent case. However, in order to gain a Certificate of Completion of Training (CCT) in cardiothoracic surgery, the trainee must perform 200 independent coronary artery bypass procedures. Nevertheless, without a precise definition of what performing a case 'independently' entails, different surgeons will inevitably count their cases differently, in accordance with their own definition.
The objective of this study was to assess the degree of concordance between consultants when assessing surgical performance of trainees. These data could then be used to suggest an alternative means of assessing trainees.
MeThODs
Three consultant cardiac surgeons with no formal training in surgical skill assessment scored 20 cardiothoracic trainees during simulated aortic valve replacement surgery. The trainees were all registrar-level specialty trainees in cardiothoracic surgery between years 1 and 6 (ST3-ST8). The simulated surgery consisted of a pair of trainees implanting a prosthetic aortic valve into the annulus of a pig's heart in vitro.
The consultants employed a modified objective structured assessment of technical skills (OSATS) to assess six categories of surgical skills, each scored from 1 to 5, with 5 being the optimum score ( Table 1 ). The total possible score for each trainee was 90. The consultants were blinded to the purpose of the study. Each consultant observed each candidate for five minutes and recorded a score to ensure all assessments were completed by the end of the wet lab session. Trainees then scored their satisfaction with the wet lab as a learning tool from 1 to 5, with 5 being the optimum score.
statistical analysis
Data analysis was performed using SPSS® version 19.0 (IBM, New York, US). Statistical analysis included the test for normality and the paired samples t-test to compare results between the consultants, as well as calculating the inter-item correlation and Cronbach's alpha to assess levels of concordance between each consultant, for each student. A p-value of <0.05 was considered statistically significant.
ResULTs
All trainees received scores for each of the six categories of surgical skills and from each consultant. The mean total score was 67.9 (range: 54-90). Each of the consultants had a normal distribution for the scores given (Figure 1) . However, the distribution differed significantly between consultants (p=0.001). The means of the scores given by each of the three consultants were 26.2, 18.4 and 23.4. The inter-item correlation (0.79) showed good agreement between individual scores (p=0.0000 3 ) (Figure 2) . A top scoring outlier was found (Figure 3) , which suggests that an element of bias did exist. The trainees' satisfaction scores ranged between 3 and 5 (mean: 4.6).
DIscUssION
Data presented at the SCTS annual meeting in 2016 (during the presidential address) demonstrated a high suspension rate among newly appointed consultants, with one in four having their practice suspended in the first two years following award of the CCT. This implies that there are shortcomings in the training programme and perhaps inadequate assessment.
WBAs are surrounded by controversy, in particular in terms of how they are completed. Trainees are allowed to choose their assessor and their assessor can decide how much detail is included in the WBA. Comments following the debate at the SCTS meeting indicated that WBAs can be useful if they are filled in more accurately and completely by both the trainee and the trainer. It was also suggested that the marking scale should be changed so that it is easier to demonstrate a notable progression over the long period of training (eg using a scale range of 0-20 instead of 0-4). Similar comments regarding WBAs have been made previously.
13
In an ARCP meeting, it would be extremely time-consuming to scrutinise even 5-10 WBAs in detail, not to mention the 80 WBAs carried out during the year as stipulated by the London School of Surgery. Some of these WBAs only focus a small part of the procedure. Having a simulated operation evaluated by an expert could allow for an alternative assessment and perhaps reduce the quantity of required WBAs. Overall, this would serve as a time saving exercise.
The consultants in this study did not undergo any form of educational or assessment PeerRev training prior to carrying out their role as assessors. Despite this, there was a high level of agreement between them when deciding which candidates had higher levels of surgical skill and which did not. With training in assessment and demonstration of what level of skill constitutes a particular score, it is likely that the difference between the scores given by each consultant would be even smaller.
For an assessment tool, however, this difference is not especially important. The majority of examinations taken in which objective assessment is carried out have statistical methods to reduce the impact of this, placing the marks from each scorer in similar ranges.
14 For example, the normal distribution of the marks awarded by a harsh examiner can be adjusted by a set integer so as to bring them in line with other examiners. This can be applied to a lenient marker also. An OSATS would be akin to having a driving test. A senior surgeon who has been certified as an examiner could observe the trainee performing a procedure. This would be similar to a formal WBA but would remove the element of bias and by dedicating examiners to the process, it would allow a more thorough assessment.
During training for commercial airline pilots, trainees are required to undergo self-directed training on flight simulators in addition to formal assessment of simulated flights. Medical training and commercial airline pilot training are often paralleled owing to the high risk and low error tolerance that the jobs warrant. As is the case for surgeons logging the numbers of procedures performed, pilots have a requirement to log a specific number of hours spent flying (actual and simulated) as well as being assessed by their trainer: they undergo a formal flying test, similar to a driving test.
Assessment in surgical training is vital. Not only does it provide a safety net for the patients but it also allows the training programme to function effectively. Discovering insufficiencies after award of the CCT results in suspension, with the associated financial and staffing implications for the 
Figure 2
The total scores (for all 6 surgical skills categories) given to each of the 20 trainees by each of the 3 consultants (S1, S2 and S3) with lines of best fit to demonstrate concordance trust at which the newly qualified consultant works as well as potential negative psychological effects for the suspended consultant. If a year needs to be repeated during training, this also places a financial burden on the school and the trainee, and can likewise bring about detrimental psychological effects. Being able to discover shortfalls in trainees as early as possible during the training period and instituting remedial action can help avoid these issues but this relies on accurate assessment.
cONcLUsIONs
This study highlights the need for a non-biased, accurate and validated measurement of surgical acumen. This does not currently exist. Surgical assessment is of paramount importance in the creation of competent, safe and independent surgeons. This will undoubtedly improve results and patient outcomes in the future.
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